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flit  BINDING  OF  SOLUBLE  ANTIGEN-ANTIBODY  COMPLEXES 
TO  ERYXhEOCITBS  * 


Acta  Haematologica  F.  Gramlich 

Vol  30  No  3  pages  153-158,  1963  H,E.  Mllller 


As  investigations  by  Sorkin  [l]  and  Weigle  [2]  have 
shown,  cellular  blood  components  are  essentially  concerned 
in  the  elimination  of  antigen-antibody  complexes  from  the 
circulation.  For  leucocytes  and  thrombocytes  it  has  been 
shown  in  this  connection  that  they  either  phagocytize  solu¬ 
ble  antigen-antibody  products  developed  in  the  blood  plasma 
or  adsorb  them  to  their  surface  and  suffer  injuries  in  the 
process  which  bring  about  cell  destruction  [3»4]. 

The  present  article  is  intended  to  make  a  contribu¬ 
tion  to  the  question  of  what  part  the  erythrocytes  aic  cap¬ 
able  of  playing  in  the  elimination  of  soluble  antigen-anti¬ 
body  complexes.  We  started  with  the  suggestion  made  by 
Duesberg  [5j  that  a  cleansing  function  in  the  circulating 
blood  is  to  be  attributed  to  the  erythrocytes  on  the  ground 
of  the  multivalent  combining  power  of  their  large  total 
surface  and  their  consequent  adsorption  capacity.  As  earlier 
articles  have  been  able  to  show,  the  adsorption  to  the  sur¬ 
face  of  the  erythrocytes  is  a  quite  specific  process,  as  has 
been  ot monstrated  for  heterogenous  macromolecular  substances 
such  e.g.  as  bacterial  lipopolysaccharidee  [6]  or  myxovirus- 
es  L7j  as  well  as  for  homologous  plasma  proteins  [8,9,10,11]. 

By  a  technique  which  ha3  already  been  applied  to  the 
study  of  the  normal  plasma  protein  film  on  the  surface  of 
human  erythrocytes  [9],  we  have  tested  here  to  what  extent 
an  adsorption  cf  soluble  antigen-antibody  complexes  to  the 
surface  of  rabbit  erythrocytes  taxes  place.  These  soluble 
immune  complexes  were  always  produced  in  antigen  excess. 

Human  albumin  and  rabbit  antibodies  Berved  as  a  model  system. 
In  the  experimental  series  sometimes  the  antigen  and  some¬ 
times  the  antibody  was  marked  with  iodine1’1.  For  comparison 
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we  ujcii  the  adsorption  quota  oi  the  individual  components 
of  th_  jjumune  complex  (lodino-^^— tagged  h'  man  albumin  and 
iodiua----' -tagged  rabbit  gamma  globulin) 

•  Mote  "ill 

1.  Iodine^^-tagged  raebit  antibody  againBt  human 
altu.ni.ri  was  prepared  by  the  following  method:  Rabbits  were 
sensitized  against  human  albumin  (flehring-Werke,  Marburg) 
with  Freund’s  adjuvant.  Blood  and  serum  containing  antibody 
‘were  obtained  by  heart  puncture.  The  rabbit  gamma  globulin 
was  precipitated  in  1.75  m  amncnium  sulfate  solution,  dis¬ 
solve!  in  SBrensen’s  phosphate  buffer,  pH  8.0,  and  tagged  by 
a  slightly  modified  Pressman  and  Hternberger  1.12]  method  with 
iodinel^l  (Radiochemical  Centre,  Ameraham)-  From  the  solu¬ 
tion  thus  treated,  at  the  equivalence  point  of  the  nephelo¬ 
metric  Heidelberger  curve,  which  is  characterized  by  a  tur¬ 
bidity  maximum  [13,14],  a  specific  albumin-antialbumin-anti- 
body  precipitate  was  precipitated  out  with  the  calculated 

.  amount  of  albumin,  repeatedly  washed  with  physiological  NaCl 
solution  to  eliminate  in  large  part  any  free  iodine  components, 
'  dissolved  in  0.01  n  HC1,  end  separated  into  albumin  and  anti¬ 
body  in  a  column  with  "Sephadex  0  100"  (height  of  column  65 
.  cm) . 1 15,16].  In  the  first  fractions  the  antibody  protein, 
which  is  present  in  pure  form  in  the  solution,  is  concentratedt 
after  the  albumin  always  present  in  small  quantities  after 
neutralization  with  antibodies  and  precipitate  formation  has 
pi cc  . ;itated  out.  From  the  last  fractions  It  was  possible 
■  a!  te  neutralization  to  obtain  a  soluble  antigen-antibody 
comp,  .‘x,  the  gamma  globulin-suit i body  content  of  which  was 
dete -.lined  from  the  measured  impulse  counts  of  activity  mea- 
1  sure  :ent.  Excess  albumin  is  always  obtained  with  such  an 
r nt lien-antibody  complex  for  reasons  inherent  in  the  method. 

For  purely  formal  reasons  two  molecules  of  albumin  were  used 
p  r  .iclecule  of  gamma  globulin  in  view  of  the  confidently 
assumable  bivalence  of  the  antibody  molecule  [7],  bo  that 
the  soluble  antigen-antibody  complex  is  made  up  of  1  molecule 
of  antibody  and  2  molecules  of  antigen. 

2.  "Very  pure"  unmarked  human  albumin  was  obtained 
from  the  Behring-Werke ,  Marburg. 

3.  Iodine^l-tagged  human  albumin  came  from  the  Radio- 
chenical  Centre,  Amersham;  it  was  dialyzed  to  remove  free 
iodir.o  24  hours  at  4°C  against  physiological  NaCl  solution 
before  use. 

4.  The  preparation  of  soluble  antigen-antibody  com¬ 
plex  was  done  by  adding  the  quantity  of  antibody— bearing  ... 

rabbit  serum  computed  by  a  Heidelberger  curve  to  the  iodine-*-,A* 

:  tagged  human  albumin.  Here  again  we  must  reckon  with  free' 
albumin  which  ie  not  bound  in! the  antigen-antibody  complex. 
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Table  I.  Specific  Surface  Activity  of  an  Itomune  Complex  in  Comparison  with  Its 

Individual  Constituents. 
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Method 


Three  ml  each  of  the  antigen-antibody  complex  solu¬ 
tions  thus  prepared  with  known  immune-complex  content  (Tabic 
I.  Column  4) ,  with  the  antibody  in  one  case  and  the  antigen 
iu  tnc  other  bagged  with  iodine^31f  also  o?  pure  ic^ine^- 
tagged  antibody  solutions  without  albumin  and  albumin  solu¬ 
tions  without  antibody,  were  incubated  with  2  ml  of  an  ery¬ 
throcyte  suspension  from  the  rabbit  for  two  hours  at  room 
temperature  and  then  washed  with  a  Sbrensen  phosphate  buffer 
solution,  pH  7.2,  to  which  physiological  NaCl  solution  had 
been  added  in  a  1:1  ratio,  by  the  following  method:  The  5  ml 
of  whole  blood  solution  was  mixed  with  5  ml  of  buffer  solu- 
a  tion,  centrifuged  for  three  minutes  at  1200  g,  and  5  ml  of  j 

upper  stratum  piped  off  in  each  case.  This  washing  process 
was  repeated  ten  times.  The  radioactivities  in  the  various 
wash  waters  and  in  the  erythrocyte  sediments  were  measured. 
For  this  purpose  a  scintillation  counter  with  a  drilled-out 
crystal  was  used,  made  by  Friiseke  &  HBpfner,  Erlangen. 

He suit a 

By  the  equilibrium  amount  Pq.  (Table  I,  Column  3)  in  % 
.'•of  the  original  amount  of  the  protein  in  question  is  meant 
|  the  activity  and  so,  the  relationship  between  activity  and 
[•  '  :  protein  content  being  known,  the  absolute  quantity  of  pro¬ 

teins  obtained  when  equal  impulse  numbers  were  found  in  the 
liquid  and  the  erythrocyte  sediment  (which  also  always  con¬ 
tained  a  certain  proportion  a£  the  liquid).  From  this  in 
accordance  with  the  scheme  us6d  in  an  earlier  article  [9] 

,  the  number  of  molecules  or  of  immune  complexes  per  individual 
erythrocyte  (Mg^,  Table  I,  Column' 7)  could  be  computed  from 
the  number  of  erythrocytes  in  the  starting  material  (Z™, 

Table  I,  Column  5)  when  the  total  amount  of  protein  put  in 
,  ;  (Gjj,  Table  I,  Column  4)  was  known.  The  concentration  factor 
F  is  found  as  the  quotient  of  the  number  of  individual  mole¬ 
cules  of  human  albumin  or  rabbit  gamma  globulin  and  the  cor- 
!  responding  number  of  immune  complexes  which  are  adsorbed  JtcT\ 
the  surface  of  the  erythrocytes  under  equal  conditions.  'As 
is  evident  from  Table  I,  widely  (differing  Mgg  numbers  were 
found  as  between  samples  1-3  and  9  and  Between  4-8  and  10-11', 
This  must  be  considered  as  due  to  the  methodologically  con¬ 
ditioned  fact  that  in  the  studies  of  1-8  iodine^l-tagged 
human  albumin  from  the  Radiochemical  Centre,  Amersham,  was 
used,  and  in  samples  9-11  human  albumin  from  the  Behring- 
j  Werxe,  Marburg,  was  used.  In  the  iodine^l-tagged  human  al- 
'  bum  in  from  Amersham  considerable  denaturation  phenomena  were 
i  i  observed  which  could  not  be  found  in  the  same  degree  in  the 
corresponding  albumin  from  the  Behring— Werke.  As  control'' 
studies  showed,  the  adsorptioh  of  proteins  is  largely  condi¬ 
tioned  by  their  provenience,  |  '([Note]  Unpublished  experi¬ 
ments.)  But  since  only  Baraples  1-3‘vere  compared  vitn  4-8 


I 


'i ' 


a:id  (j  with  10-11,  the  differing  behavior  play?  no  part  in  the 
present  considerations.  -  *  y  ne 


Discussion  l 

The  results  show  that  both  the  heterologous  albumin 
a3  antigen  and  the  homologous  gamma  globulin  as  antibody  in 
the  form  of  an  immune  complex  are  bound  more  etzongly  to  the 
surface  of  the  erythrocytes  than  the  corresponding  proteins 
dissolved  in  the  free  state.  The  soluble  antigen-antibody 
complex  formed  thus  possesses  with  respect  to  the  erythrocyte 
surface  a  greater  tendency  to  adsorption,  which  is  defined  as 
specific  surface  activity  [18],  than  the  individual  proteins 
of  which  the  immune  complex  is  composed.  As.  shown  by  Table  I, 
it  :.;3  greater  by  a  factor  of  3  to  12  than  in  the  components 
i'roi  which  the  soluble  complex  is  made  up.  From  this  finding 
the  conclusion  may  be  drawn  with  great  probability  that  the 
ery  irocytes  within  the  circulating  blood  perform  a  cleansing 
function  with  regard  to  soluble  antigen-antibody  complexes 
!.  formed.  Their  capacity  for  a  specific  adsorptive  bond  with 
such  substances  may  be  regarded  as  evidence  for  their  corre¬ 
sponding  function.  Whether  the  corpuscles  themselves  suffer 
damage  in  the  process  and  fall  prey  to  an  accelerated  seques¬ 
tra  t  ion,  as  is  obviously  the  case  especially  in  allepgic- 
hemolytic  conditions,  must  remain  an  open  question. 

We  thank  the  German  Research  Society  for  its  support 
and  Miss  E.  Buddenhagen  and  Miss  R.  Sixt  for  their  valuable  .. 
assistance.  ! 

Summary  ■ 

The  surface  of  erythrocytes  adsorbs  soluble  antigen- 
!  antibody  complexes  to  a  greater  extent  than  it  does  either 
of  the  two  components  of  the  complex  separately.  Human  albu¬ 
min  and  rabbit  antihuman-albumin  antibody  were  investigated 
as  a  model  of  a  soluble  antigen-antibody  complex.  The  speci¬ 
fic  concentration  of  the  immune  complex  at  the. red  cell  sur¬ 
face  suggests  that  these  cells  are  actively  involved  in  the  . 
removal  of  antigen-antibody  complexes  from  the  circulation.  / 

Bibliography  ; 


1.  Sorkin,  E.,  ’’The  Cellular  Uptake  of  Antigens  and  Their 
Intracellular  Fate,"  Mechanisms  of  Antibody  Formation. 
Publ.  House  Czechosl.  Academy  of  Sciences,  Prague,  I960, 
page  61. 


2.  Weigle,  W.O.,  "The  Elimination  of  Heterologous  Proteins 
ifrom  the  Blood  of  Animals,"  Mechanisms  of  Antibody  Forma¬ 


tion.  Publ.  House  Caechosl 
I960,  page  53. 


Mieacher,  P.,  "The  Experimental 
the  Leucocytes  and  Thrombocytes 


Academy  of  Sciences,  Prague, 


BabIb  of  Immunology  of 
'The  Immune  Hematology 


Best  Available  Copy 


I 


ci  the  Leucocytes  and  Thrombocytes, "  in  Miescher  and  Vox*— 
lacnder's  Immunpatholo&ie  in  Klinik  und  Forschung  (Immuno— 
pathology  in  Clinic  and  Research) ,  Thieme f  atuttgn-r-h  t 
1961.  -  !  B 

4.  1‘LLcscher,  P.  and  Straessld,  R. ,  "Experimental  Studies  of 
the  Mechanism  of  Thrombocyte  Damage  by  Antigen-Antibody 
Reactions,"  Vox  Sang. .  Vol  1,  195o,  page  83. 


5.  Duesberg,  R. ,  "The  Defensive  Function  of  the  Erythrocytes," 
Schweizerische  Medizinische  Wochenschrift  (Swiss  Medical 
Weekly),  Vol  43>  I960,  page  1208. 

6.  Ltldoritz,  0,  Westphal,  0.,  Sievers,  K.,  Krbger,  E.,  Neter, 
E.,  and  Braun,  O.H. ,  "The  Fixation  of  P^S-Tagged  Idpo- 

,  polysaccharide  (Endotoxin)  from  E .  coll  to  Human  Erythro¬ 
cytes,"  Biochemische  Zeitdchrift  (Biochemical  Journal), 

Vol  330,  1958,  page. 34.  j“  7“‘ 

7.  Burnet,  F.M.  and  Stanley,  iV.M.,  "The  Viruses,"  in  Ander¬ 
son's  Hemagglutination  by  .'Animal  Viruses.  Academic  PresB, 
New  York  and  London,  1959^  !> 


8.  Mailer,  H.E.  and  Gramlich,  F.,  "Studies  6f  the  Natural 
Sorum-Protein  Film  of  the \ Surf ace  of  the  ErythrocyteB, " 

\  Acta  Haematologica.  Vol  29 j  1963 >  page  135. 

9.  (  MUller,  H.E.  and  Gramlich]  i'F. "The  Normal  Composition  of 

. .  the  Plasma  Protein  Filnl  on- the • Surface  of  Normal  Human 

i  Erythrocytes,"  Hoppe-Seyiers :  Zeitschrlft  ftlr  Physiologi- 
ache  Chemie  (Hoppe  and  Seyler's  Journal  of  Physiological 
'  Chemistry),  gone  to  press .  \ 

10.  MU-ller,  H.E.  and  Gramlich*  j  F.  ,•  "Supplementary  Studies  on 
the  Plasma  Protein  Film  oh;  the  Surface  of  Normal  Human 

;  Erythrocytes,"  Die  Naturwissenschaften  (The  Natural  Sci¬ 
ences),  Vol  50,  1963 »  pagei  447*  ” 

O 

11.  Hughes-Jones,  N.C.  and  Gardner,  B.,  "The  Exchange  of 
£l3l-.Labeled  Protein  Between  Red  Cells  and  Serum,"  Bio- 

;  chemical  Journal.  Vol  83 ,1962,  page  404. 

12*  Pressman,  D.  and  Steimberger,  L.A.,  "The  Relative  Rate 
i  of  Iodination  of  Seriiin  | Components  and  the  Effect  of  Iodin- 
•  ation  on  Antibody  Activity,;'];  'Journal  of  the  American 
Chemical  Society.  Vol  ?72,!|  1950,  page  2226. 

13,  Rabat,  E.A.  and  MaverJ  'M.ta.-."  Experimental  Immunochemistry, 
C.C.  Thomas,  Springfield,? Illinois,  1961. 

and  Schwicl 


14  i 


15  i 


Schultze,  H.E. 
cal  Determination  of  the 


,;  G.>  "Quantitative  Immunologi- 
lasma  Proteins,"  Behrlngwerk-  . 


Mitteilungen  (Reports  frop  the  Behring  Works),  Vol  35, 
1958»  page  1. 

and ; MOller ,  H.B.,  "The  Isola- 
Filtfation,"  Die  Naturwiesen-  .. 


Gramlich,  F.,  Mohring,  D 
tion  of  Antibodies  by  Gelj 


schaftent  Vol  49 »  l?6^.j  ij&ge:  45,1  ■ 

ilii1 


Best  Available  Copy 


16.  ao bring,  D.:and  Mtlller,  H.K.,  "Physicochemical  Studies 
oi’  an  Isolated  Antibody."  Hopoe-Seylers  Zeitschrift  fttr 
Physiologische  Chemie.  gone  to  press. 

17.  stiller,  H.E.  and  Gramlich^  j!F. ,  "On  the  Valence  of  Preci¬ 
pitating  Antigen-Antibody; Systems, "  Zeitschrift  fttr  Hygi¬ 
ene  (Journal  of  Hygiene) , ;  Vol  148,  19o2,  page  582. 

IS.  Wolf,  K.L. ,  Phvsik  imd  Ohemie  der  GrenzflSchen  (Physics 
and  Chemistry  of  Boundary) Surfaces) ,  Springer,  Heidelberg, 

1957.  a"’-!  j-  * 1 

'  ■  ;  1  ‘ 1 1  •  . 

' ;  i  ■  *  j  : 

Address  of  the  authors:-  Dr.  fcj.  Oramlich  an^  Dr.  H.E.  MUller, 

’  InstltUt  fUr  Medizinische  ELinik 
:  i  und  Poliklinik.der  UniversitKt, 

:  j'  Langfenbeekstrasse  1,  Mainz  (Germany) . 

. ' 

••  i-  .  *  -j  i  • 


O 
•  \ 


W.L, 


•  -r : ; ,  ■ ... . 

]  ;  u  •  •:'! 

n: :  lw  t.--W 


!  •  .  1 


-  •  .  i1!  • ! 


i  ■’!  ’  *v  i  i 
vj  ;*!  .*. 
*  *»fl 


h  I  i-i-i ::  <•  v  '•  .  ' 

.r. .  ■  f  a-  -v  lr-  -v  •  >  ■  ■; 

I h  • «  •  *»•  -  ..a  ■  v -  ■  -•  .  -  - 

l>  S  K,  V  i  -  ■  <U 


-  ■■  s  ■  r  il'li:.;!];?® 

• '  ..i  •' *-  ' '  '  'Ji  it  );  •;  j|f  j 

v  ■  ■  ?  !-:! 1 • 

a  Up'll 

1  v  {  <<n  j, 

••  !,:;j 

■  !  : 
t  *  t  ■: ,  a  .a,  !-,  : » , V  V  | , ;i!  •; 

•  )  UK.-'  '.Y' i  if  it 


f 


I  V  I  t  H*  j  '*  *  -l  ,  ■:  . ’•I'V 

lb'' -  - I 

i*  mi  ♦-  *i  » .  I  *  v  * v  *  y  ,  '  »'•]  ii..-/} ,  * '  ■ 

....  ■ 

t  t  A...V  i !^V I:)  ;  .U;]'  !  b*kvr*"-‘,  ”  ..  ■ 

: f*f  1 1 }••..•;*  ,r  l  'f.  <  ‘ 

:i,:; ;  ■  {•: ;  ^  ■ 

•  1  •' ; ' . ;  • ‘ ' : : ■: b  -J:! !  ■  •  V  Be^t  Available XJopy 

.  * . .  * 4  .i  *  ■  r  i [  -  .  *  1 1  - 1 '  *  ■  ^  i.  a  r  i'  -  .  *a.  i  i  a  ^ 


»  I 


■I  i' 

*  i 


"V.  V:/.r  -y.-  hV' 


-I  J* \i  ' 

•  t—i  .1 .  r  I  -  • 1  ■ .-  ■  '  • 

'  ;  !  ■  !  '■  • 


\ 


